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A B S T R A C T

Introduction and objectives: New oral anticoagulants require dosing adjustment according to renal

function. We aimed to determine discordance in hypothetical recommended dosing of these drugs using

different estimated glomerular filtration rate equations in patients with atrial fibrillation.

Methods: Cross-sectional analysis of 910 patients with atrial fibrillation and an indication for oral

anticoagulation. The glomerular filtration rate was estimated using the Cockcroft-Gault, Modification of

Diet in Renal Disease and Chronic Kidney Disease Epidemiology Collaboration equations. For dabigatran,

rivaroxaban, and apixaban we identified dose discordance when there was disagreement in the

recommended dose based on different equations.

Results: Among the overall population, relative to Cockcroft-Gault, discordance in dabigatran dosage

was 11.4% for Modification of Diet in Renal Disease and 10% for Chronic Kidney Disease Epidemiology

Collaboration, discordance in rivaroxaban dosage was 10% for Modification of Diet in Renal Disease and

8.5% for the Chronic Kidney Disease Epidemiology Collaboration. The lowest discordance was observed

for apixaban: 1.4% for Modification of Diet in Renal Disease and 1.5% for the Chronic Kidney Disease

Epidemiology Collaboration. In patients with Cockcroft-Gault < 60 mL/min or elderly patients,

discordances in dabigatran and rivaroxaban dosages were higher, ranging from 13.2% to 30.4%.

Discordance in apixaban dosage remained < 5% in these patients.

Conclusions: Discordance in new oral anticoagulation dosages using different equations is frequent,

especially among elderly patients with renal impairment. This discordance was higher in dabigatran and

rivaroxaban dosages than in apixaban dosages. Further studies are needed to clarify the clinical

importance of these discordances and the optimal anticoagulant dosages depending on the use of

different equations to estimate renal function.

� 2014 Sociedad Española de Cardiologı́a. Published by Elsevier España, S.L.U. All rights reserved.

Comparación de las ecuaciones de filtrado glomerular estimado para determinar
la posologı́a de los nuevos anticoagulantes orales para pacientes con fibrilación
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R E S U M E N

Introducción y objetivos: Los nuevos anticoagulantes orales requieren ajuste de la posologı́a según la

función renal. El objetivo de este estudio es determinar la discrepancia existente entre la hipotética

posologı́a recomendada de estos fármacos empleando diferentes ecuaciones de filtrado glomerular

estimado en pacientes con fibrilación auricular.

Métodos: Análisis transversal de 910 pacientes con fibrilación auricular e indicación de anticoagulación

oral. Se estimó el filtrado glomerular con las ecuaciones de Cockcroft-Gault, Modification of Diet in Renal

Disease y Chronic Kidney Disease Epidemiology Collaboration. Para dabigatrán, rivaroxabán y apixabán, se

identificaron discrepancias de la dosis cuando no coincidı́an con las dosis recomendadas según se usara

una u otra ecuación.

Resultados: En el conjunto de la población, respecto a la ecuación de Cockcroft-Gault, la discrepancia

de la posologı́a de dabigatrán fue del 11,4% con la ecuación Modification of Diet in Renal Disease y del 10%

con la Chronic Kidney Disease Epidemiology Collaboration; las discrepancias de la posologı́a de rivaroxabán

fueron del 10% y el 8,5% respectivamente. La menor discrepancia se observó con apixabán: el 1,4% con la
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1885-5857/� 2014 Sociedad Española de Cardiologı́a. Published by Elsevier España, S.L.U. All rights reserved.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.rec.2014.06.026&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.rec.2014.06.026&domain=pdf
http://dx.doi.org/10.1016/j.rec.2014.06.026
mailto:g.y.h.lip@bham.ac.uk
http://dx.doi.org/10.1016/j.rec.2014.06.026


INTRODUCTION

Over the last few years, there has been growing interest in the

use of the new oral anticoagulants (NOAC). One direct thrombin

inhibitor (dabigatran) and 2 factor Xa inhibitors (apixaban and

rivaroxaban) have been tested in large phase III randomized trials,

and they have all shown noninferiority or superiority in stroke

prevention in patients with atrial fibrillation (AF) compared

with adjusted-dose warfarin, with serious bleeding being similar

to or less than that with monitored warfarin anticoagulation.1–3

This safety profile and the fact that these drugs do not require

routine monitoring are important advantages given the wider

indications for oral anticoagulation therapies in the current clinical

guidelines for patients with AF4,5 and may explain their growing

use in these patients.6 All of these NOACs are partially eliminated

by renal clearance and require dosing adjustment according to

renal function status; therefore, assessment of kidney function in

patients with AF is of great importance.7

In 2010, the National Kidney Education Program recommended

that the Modification of Diet in Renal Disease Study (MDRD) and

Cockroft-Gault (CG) equations could be used interchangeably for

drug dosing8 while the Kidney Disease: Improving Global Out-

comes suggested that the Chronic Kidney Disease Epidemiology

Collaboration (CKD-EPI) equation may represent the method of

choice for the staging of chronic kidney disease in this clinical

setting.9 However, the European Medicines Agency seemed

reluctant to recommend the use of these equations for this

purpose because the phase III clinical trials evaluating NOAC in

clinical practice have used only the CG equation for drug dose

adjustment.10–12 Hence, the optimal glomerular filtration rate

(GFR) estimation equations that should be used to assess an

individual patient’s GFR as a guide to the degree of adjustment of

their drug dosage regimens remains controversial, especially

among patients with moderate-severe renal impairment and/or

the elderly.9

Many studies have compared multiple drug dosing recommen-

dations based on different estimated GFR (eGFR) equations;13–18

but only a few have compared NOAC dosing recommendations

based on the CG equation with those based on different eGFR

equations.19,20 Moreover, none of these previous studies have

compared the 3 NOACs currently incorporated into clinical practice

guidelines. Consequently, the aim of the present study was to

compare differences in hypothetical recommended dosing of

dabigatran, rivaroxaban, and apixaban using kidney function

estimates based on MDRD study and CKD-EPI equations in patients

with AF.

METHODS

Study Population and Design

The present study included consecutive patients with AF and

indication for oral anticoagulation from our outpatient anti-

coagulation clinic. The patients’ complete medical history was

recorded and informed consent was obtained from each patient at

inclusion. The baseline stroke risk was assessed using the CHADS2
(congestive heart failure, hypertension, age � 75 years, diabetes

mellitus, and previous stroke or transient ischemic attack

[doubled]) and CHA2DS2-VASc (congestive heart failure, hyperten-

sion, age � 75 [doubled], diabetes, stroke [doubled], vascular

disease, age 65 to 74 years, and sex category [female]) scores, as

described in recent guidelines. The HAS-BLED (hypertension,

abnormal renal/liver function, stroke, bleeding history or predis-

position, labile international normalized ratio, elderly [> 65 years],

drugs/alcohol concomitantly) bleeding risk score) was calculated

as a measure of baseline bleeding risk. Patients on hemodialysis

were excluded. The study was approved by the local ethics

committees, and informed consent was obtained from each patient

at inclusion.

Glomerular Filtration Rate Estimation

Estimated GFR was calculated using the CG equation ([140 �

age] � weight [kg]) / (sCr [mg/dL] � 72) (� 0.85 for women),21 the

IDMS (Isotopic Dilution Mass Spectrophotometry)-traceable 4-

variable MDRD study equation (175 � [sCr]–1.154 � [age]–0.203 [�

1.212 if African American] [� 0.742 if female]22 and the CKD-EPI

equation: 141 � min (sCr / k, 1)
a

� max (sCr / k, 1)�1.209
� 0.993Age

[� 1.018 if female] [� 1.159 if black], where‘‘sCr’’ is serum

creatinine; ‘‘k’’ is 0.7 for female and 0.9 for male; ‘‘a’’ is –0.329 for

female and –0.411 for male; ‘‘min’’ is the minimum of sCr / k or 1,

and ‘‘max’’ is the maximum of sCr / k or 1.23 Data for the eGFR

equations are expressed in millilitres per minute. Values for the

MDRD and CKD-EPI equations (in mL/min/1.73 m2) were multi-

plied by each participant’s body surface area and divided by 1.73 to

yield units of millilitres per minute.

Statistical Analysis

Continuous variables were tested for normal distribution by the

Kolmogorov-Smirnov test. Normally distributed data are pre-

sented as the mean (standard deviation) and non-normally

primera y el 1,5% con la segunda. En los pacientes con un valor según la ecuación de Cockcroft-

Gault < 60 ml/min o en los pacientes ancianos, las discrepancias en las posologı́as de dabigatrán y

rivaroxabán fueron superiores, entre el 13,2 y el 30,4%. La discrepancia en cuanto a la posologı́a de

apixabán se mantuvo en un valor < 5% en estos pacientes.

Conclusiones: La discrepancia en las posologı́as de los nuevos anticoagulantes orales empleando

ecuaciones distintas es frecuente, sobre todo en los pacientes ancianos con deterioro de la función renal.

Esta discrepancia fue mayor para las posologı́as de dabigatrán y rivaroxabán que para la de apixabán. Se

necesitan nuevos estudios para esclarecer la importancia clı́nica de estas discrepancias y determinar la

posologı́a óptima de los anticoagulantes según la ecuación que se use para estimar la función renal.

� 2014 Sociedad Española de Cardiologı́a. Publicado por Elsevier España, S.L.U. Todos los derechos reservados.
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distributed data as the median [interquartile range]. Categorical

variables are expressed as percentages.

The variations of the MDRD and CKD-EPI equations were

computed as the median [interquartile range] of the within-

person difference between the value returned by each of the

2 equations and the CG equation. Agreement between the MDRD

and CKD-EPI equations and CG equation was inspected visually

by using Bland-Altman plots and quantified as the 95% limits of

agreement between estimates. The limits of agreement repre-

sent a range of values within which the true difference between

2 methods can be said to lie with 95% confidence interval. For

the 3 NOACs (Table 1), we identified dose discordance when

there was disagreement in recommended dose based on the

equations used to estimate GFR.24,25 For each NOAC, we

quantified percentage dose discordance as 100 times the total

number of participants with a dose discordance divided by the

total number of participants studied. Cohen’s kappa coefficient

of agreement (k) was used to detect the differences between the

recommended doses for each pair of equations. All P values < .05

were accepted as statistically significant. Statistical analysis was

performed using SPSS version 15.0 for Windows (SPSS, Inc.;

Chicago, Illinois, United States).

RESULTS

The study population consisted of 910 patients with AF. The

clinical characteristics of study patients are summarized in Table 2.

The median CHADS2 risk score was 2 [interquartile range, 1-3]

and 634 (70%) participants had a CHADS2 risk score � 2. The

median CHA2DS2-VASc score was 4 [interquartile range, 3-5]

and 840 (92%) participants had a CHA2DS2-VASc score � 2. The

estimated creatinine clearance obtained by using CG equation

(69 [52-89] mL/min) was lower than those obtained using the MDRD

and CKD-EPI equations (77 [61-96] mL/min and 74 [57-90] mL/min,

respectively; both P < .001).

The mean within-participant differences relative to CG

equation were –7.1 mL/min [–8.0 to –6.3] for MDRD (P < .001)

and –1.0 mL/min [–1.7 to –0.2] for CKD-EPI (P < .001). The limits of

agreement of MDRD and CKD-EPI equations with the CG equation

were –32.0 to 17.7 mL/min for MDRD and 3.2 to 21.2 mL/min for

CKD-EPI (Figure 1).

Figures 2A-C show the reclassification of patients and their

recommended dosing for 3 NOACs according to renal function

status using the 3 eGFR equations. The percentage discordance for

the 3 NOACs was also calculated to quantify the implication of

using the different methods for estimating kidney function on drug

therapy (Figures 3A-C). Among the overall study population, the

discordance in dabigatran dosage according to kidney function

categories was 11.4% (n = 104) for MDRD (k = 0.614; P < .001) and

10.0% (n = 91) for CKD-EPI (k = 0.680; P<.001), whereas the

discordance in rivaroxaban dosage relative to CG equation was

10.0% (n = 91) for MDRD (k = 0.654; P<.001) and 8.5% (n = 77) for

CKD-EPI (k = 0.721; P < .001). The lowest discordance was

observed for apixaban 1.4% (n = 13) for MDRD (k = 0.704; P < .001)

and 1.5% (n = 14) for CKD-EPI (k = 0.751; P < .001).

In patients with moderate to severe renal impairment

(CG < 60 mL/min, n = 339) the discordance was higher than in

the whole study population. The discordance in dabigatran dosage

was 30.4% (n = 103) for MDRD and 26.5% (n = 90) for CKD-EPI,

whereas the discordance in rivaroxaban dosage relative to CG

equation was 26.5% (n = 90) for MDRD and 22.4% (n = 76) for CKD-

EPI. The lowest discordance was observed for apixaban, being 3.8%

(n = 13) for MDRD and 4.1% (n = 14) for CKD-EPI.

In elderly patients (� 75 years, n = 476) the discordance was

also higher than in the whole study population but lower than in

Table 1

New Oral Anticoagulants in Renal Dysfunction: Approved European Labels and

Dosing in Chronic Kidney Disease

Drug Creatinine clearance, mL/min Dosing recommendation

Dabigatran � 50 150 mg twice daily

30-49 110-150 mg twice daily*

< 30 Not recommended

Rivaroxaban � 50 20 mg once daily

15-49 15 mg once daily

< 15 Not recommended

Apixaban � 30 5 mg twice daily

15-29 2.5 mg twice daily

< 15 Not recommended

* Where dabigatran is prescribed, a dose of 150 mg twice daily should be

considered for most patients in preference to 110 mg twice daily, with the latter

dose recommended in: elderly patients, age � 80 years, concomitant use of

interacting drugs (eg, verapamil), high bleeding risk (HAS-BLED score � 3) or

moderate renal impairment (CrCl 30–49 mL/min). b.i.d denotes twice daily and

once daily denotes once daily. Adapted with permission from Heidbuchel H et al.25

Table 2

Clinical Characteristics of the Study Population (N = 910)

Age, mean (SD), years 74 (9)

Male 451 (50)

Body mass index, mean (SD), Kg/m2 30.1 (5.1)

Hypertension 735 (81)

Diabetes mellitus 234 (26)

Hyperlipidemia 358 (39)

Current smoking 158 (17)

Congestive heart failure or LVEF < 40% 249 (27)

Previous stroke or transient ischemic attack 142 (16)

Coronary artery disease 171 (19)

Peripheral artery disease 66 (7.3)

Chronic kidney disease 86 (9.5)

Abnormal liver function 11 (1.2)

Chronic obstructive pulmonary disease 113 (12)

Current alcoholic consumption 32 (3.5)

Previous bleeding episode 49 (5.4)

HAS-BLED score 2 [2-3]

CHADS2 score 2 [1-3]

CHADS2 score �2 634 (70)

CHA2DS2-Vasc score 4 [3-5]

CHA2DS2-Vasc score �2 840 (92)

Creatinine (mg/dL) 0.95 [0.79-1.16]

CG equation, mL/min 69 [52-89]

MDRD equation, mL/min 77 [61-96]

CKD-EPI equation, mL/min 74 [57-90]

Concomitant treatment

Antiplatelet therapy 217 (24)

Beta-blockers 361 (40)

ACE inhibitors/ARB 479 (53)

Statin 271 (30)

Loop diuretic 405 (45)

Calcium antagonist 243 (27)

ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blockers;

CG, Cockcroft-Gault equation; CKD-EPI, Chronic Kidney Disease Epidemiology

Collaboration; COPD, chronic obstructive pulmonary disease; LVEF, left ventricular

ejection fraction; MDRD, Modification of Diet in Renal Disease; SD, standard

deviation; TIA, transient ischemic attack.

Data are expressed as mean (standard deviation), median [interquatile range] and

No. (%).
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patients with moderate to severe renal dysfunction. The discor-

dance in dabigatran dosage was 18.3% (n = 87) for MDRD and 15.1%

(n = 72) for CKD-EPI whereas the discordance in rivaroxaban

dosage relative to CG equation was 16.2% (n = 77) for MDRD and

13.2% (n = 63) for CKD-EPI. In patients with renal function

impairment, the lowest discordance was observed for apixaban,

being 2.1% (n = 10) for MDRD and 1.9% (n = 9) for CKD-EPI

(Figure 3C).

As detailed in Table 3, the use of MDRD or CKD-EPI equations

was most likely to translate into higher recommended drug

dosages, especially for dabigatran and rivaroxaban.

DISCUSSION

The main findings of the present study can be summarized as

follows: firstly, compared with the CG equation, both MDRD and

CKD-EPI equations overestimate the eGFR. Secondly, when these

equations are used instead of CG equation, the discordances were

higher in dabigatran and rivaroxaban dosages than in apixaban

dosages. Thirdly, most discordances were linked to an overestima-

tion of renal function. Finally, among patients with CG < 60 mL/min

and in elderly patients (�75 years), the discordance in

dabigatran and rivaroxaban dosages were higher than in the whole

population, ranging from 13.2% to 30.4%. The discordance in

apixaban dosage remained lower than 5% in this subgroup of

patients.

The GFR is predominantly estimated in clinical practice from

many estimating equations.26 Historically, the most frequently

clinically used equation to estimate GFR has been the CG equation.21

This equation is reported in units not adjusted for body surface area,

which is appropriate for drug dosage adjustment. The MDRD

equation provides more accurate estimates of GFR than the

CG equation18 and is now widely reported by clinical laboratories

around the world whenever serum creatinine is reported.27

Nevertheless, scarce information has been published on the

performance of this equation in elderly patients (such as those

with AF requiring NOAC28) and it often overestimates measured GFR

in patients with > 60 mL/min/1.73 m2.27 The CKD-EPI equation was

recently developed specifically to overcome this latter limitation,

being more accurate than the MDRD study equation, particularly at

higher levels of GFR.23,29 Although documentation of its utility for

drug dosing is limited,30 it is likely to be similar to the MDRD

equation, given the similar performance at lower levels of GFR,

where dose adjustment is frequent.

Our study shows that the eGFR obtained with the MDRD and the

CKD-EPI equations was consistently higher than that obtained

with the CG equation. These findings agree with several retrospec-

tive studies in more than 20 000 patients with chronic kidney

disease, reporting that the use of the MDRD equation over-

estimates creatinine clearance, leading to significantly higher drug

doses compared with doses calculated by using CG equa-

tion.13,14,31,32 The lack of appropriate renal dosage adjustments

for NOACs may result in serious adverse events, and therefore our

findings may have clinical significance.

As previously mentioned, when either the MDRD or CKD-EPI

equations were used instead of the CG equation among patients

with moderate to severe renal impairment, we found discordances

in dabigatran and rivaroxaban doses of about 25%-30%. This finding

is in agreement with a previous study showing a 50% discordance

in dabigatran doses for MDRD or CKD-EPI equations in participants

with GFR < 30 mL/min,33 with all cases resulting in higher doses

being given compared with the use of the CG equation.

Accordingly, we also found that most discordances were related

to an overestimation of renal function in this subgroup of patients.

Strengths and Limitations

One of the strengths of the present study is that it is the first to

compare dabigatran, rivaroxaban, and apixaban dosing recom-

mendations based on CG equation with those based on MDRD and

CKD-EPI equations in an elderly cohort of patients with AF.

According to our findings, a previous analysis of more than

4000 patients with AF in primary care showed that there would be

clinically important potential risks when prescribing dabigatran or

rivaroxaban if the MDRD formula was used instead of CG,

especially in elderly patients. Among patients � 80 years, 14.9%

were ineligible for dabigatran according to the CG equation but

would have been deemed eligible if the MDRD were applied. For

rivaroxaban, 0.3% would have been incorrectly judged eligible for

treatment and 13.5% would have received too high a dose.19

Moreover, Hijazi et al34 recently showed that rates of stroke,

mortality, and major bleeding increase as renal function deterio-

rates. Both dabigatran doses (110 mg and 150 mg) displayed

efficacy consistent with the overall trial relative to warfarin across

the range of renal function in terms of the primary outcome of

stroke or systemic embolism. By estimating GFR with the newer

CKD-EPI equation, a significantly greater relative reduction

in major bleeding risk was found for both doses of dabigatran in
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Figure 1. Bland and Altman plots showing the within-person differences between the estimated creatinine clearance obtained by using the Cockcroft-Gault

equation and estimated glomerular filtration rate obtained by using (A) the Modification of Diet in Renal Disease equation and (B) the Chronic Kidney Disease

Epidemiology Collaboration. The solid line indicates the mean difference, and the dashed line indicates limits of agreement. CG, Cockcroft-Gault; CKD-EPI, Chronic

Kidney Disease Epidemiology Collaboration; MDRD, Modification of Diet in Renal Disease.
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patients with eGFR > 80 ml/min. In addition, an analysis of the

RE-LY (Randomized Evaluation of Long-Term Anticoagulation

Therapy) trial revealed that a subset of participants > 75 years

without renal impairment had an increased risk of bleeding.35

Together with recent case reports of serious bleeding with

dabigatran in older adults with decreased renal function,36–38 this

finding further suggests that the higher doses of NOAC calculated

using the MDRD and CKD-EPI equations could be potentially

dangerous in older adults with reduced renal function. Interest-

ingly, apixaban was the exception, as we found the lowest

discordance between the 2 methods with this drug. A substudy of

the ARISTOTLE trial39 on renal dysfunction showed that the

percentage of patients with renal impairment was similar

independently of the used method of assessment, although no

comparisons were made. In this clinical trial setting, the apixaban

dose was usually reduced by the presence of 2 of the following

characteristics: age > 80 years, weight < 60 kg or serum creatinine

� 1.5 mg/mL3, and not by a reduction of eGFR as with dabigatran or

rivaroxaban.1,2 However, as shown in Table 1, the recently

published European Heart Rhythm Association practical guideline

on the use of NOACs in AF patients recommends the use of

apixaban (2.5 mg twice daily) in patients with an eGFR of

15-29 mL/min.25

In 2010, the National Kidney Education Program and the Food

and Drug Administration recommended that the MDRD and CG

could be used interchangeably for calculating drug doses.8,40 In
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Figure 2. Discordances in dosing of new oral anticoagulants as a function of estimated glomerular filtration rate equations. bid, twice daily; C-G, Cockcroft-Gault

equation; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; CrCl, creatinine clearance; MDRD, Modification of Diet in Renal Disease.
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contrast to this recommendation, our results and those of several

previous studies do not support the substitution of MDRD or CKD-

EPI instead of the CG equation for calculating drug doses.32,41–44 In

our opinion, clinicians need to fully understand the implications of

using the MDRD and CKD-EPI equations instead of CG equation,

particularly in patients with moderate to severe renal impairment,

as well as in older persons, in whom the discordance among eGFR

is highest among the 3 equations.33 It is important to note that

neither Food and Drug Administration-approved drug labels nor

the National Kidney Education Program recommendations are

references for how to dose specific drugs in all patients. Differences

between equations for estimating kidney function and drug
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Figure 3. Discordance rates for the Modification of Diet in Renal Disease equation and chronic kidney disease epidemiology collaboration equations compared with

recommended dosing based on the Cockcroft-Gault equation. A: dabigatran. B: rivaroxaban. C: apixaban. CKD-EPI, chronic kidney disease epidemiology

collaboration; eGFR, estimated glomerular filtration rate; MDRD, Modification of Diet in Renal Disease.

Table 3

Concordance Among Drug Dosing Recommendations Using the Cockcroft-Gault Equation vs Estimated Glomerular Filtration Rate Obtained by Using the

Modification of Diet in Renal Disease Equation and the Chronic Kidney Disease Epidemiology Collaboration

MDRD CKD-EPI

Discordance Discordance rate Discordance Discordance rate

< CG equation > CG equation < CG equation > CG equation

Overall Study Population (N = 910)

Dabigatran 104 (11.4) 13 (12.5) 91 (87.5) 91 (10) 24 (32.7) 67 (67.3)

Rivaroxaban 91 (10.0) 11 (12.0) 80 (88.0) 77 (8.5) 15 (19.5) 62 (80.5)

Apixaban 13 (1.4) 2 (15.4) 11 (84.6) 14 (1.5) 9 (64.3) 5 (35.7)

Patients with CG equation < 60 mL/min (n = 339)

Dabigatran 103 (30.4) 12 (11.7) 91 (88.3) 90 (26.5) 23 (25.6) 67 (74.4)

Rivaroxaban 90 (26.5) 10 (11.1) 80 (88.9) 76 (22.4) 14 (18.4) 62 (81.6)

Apixaban 13 (3.8) 2 (15.4) 11 (84.6) 14 (4.1) 9 (64.3) 5 (35.7)

Patients � 75 years (n = 476)

Dabigatran 87 (18.3) 3 (3.4) 84 (96.6) 72 (15.1) 10 (13.9) 62 (86.1)

Rivaroxaban 77 (16.2) 2 (2.6) 75 (97.4) 63 (13.2) 5 (7.9) 58 (92.1)

Apixaban 10 (2.1) 1 (10.0) 9 (90.0) 9 (1.9) 5 (55.6) 4 (44.4)

CG, Cockcroft-Gault; CKD-EPI, chronic kidney disease epidemiology collaboration; MDRD, Modification of Diet in Renal Disease.

Data are expressed as No. (%).
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dosing will always exist. Therefore, regardless of the equation

used, clinical judgment must prevail. When presented with

different kidney function estimates that potentially translate

into different drug dosing regimens, clinicians must choose the

regimen that optimizes the risk-benefit ratio given the patient-

specific clinical scenario. When estimating equations are not

expected to provide accurate measures of kidney function, it may

be reasonable to obtain an accurately timed urine collection to

calculate measured creatinine clearance.

The limitations of the present study include the small number

of patients with severe renal dysfunction in the study population,

which may have led to higher concordance than that expected in a

population with a higher prevalence of severe chronic kidney

disease. Moreover, we used drug dosage recommendations as an

outcome, rather than actual observed drug dosage changes in

clinical practice. Lastly, the lack of direct measures of GFR

represents another important limitation of the study, but this

method is rarely used in daily clinical practice.

CONCLUSIONS

Discordance in hypothetical recommended dosing of NOACs

using different eGFR is frequent in patients with AF, especially

among elderly patients with renal impairment. Remarkably, this

discordance was higher in dabigatran and rivaroxaban dosages

than in apixaban dosages. Further studies are needed to clarify the

clinical importance of these discordances and the optimal

anticoagulant dosages depending on the use of different GFR

equations to estimate renal function in AF patients.
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28. Gómez-Doblas JJ, Muñiz J, Alonso Martin JJ, Rodrı́guez-Roca G, Lobos JM,
Awamleh P, et al. Prevalencia de fibrilación auricular en España. Resultados
del estudio OFRECE. Rev Esp Cardiol. 2014;67:259–69.

29. Stevens LA, Schmid CH, Greene T, Zhang YL, Beck GJ, Froissart M, et al. Compara-
tive performance of the CKD Epidemiology Collaboration (CKD-EPI) and the
Modification of Diet in Renal Disease (MDRD) Study equations for estimating
GFR levels above 60 mL/min/1.73 m2. Am J Kidney Dis. 2010;56:486–95.

30. Wargo KA, English TM. Evaluation of the chronic kidney disease epidemiology
collaboration equation for dosing antimicrobials. Ann Pharmacother. 2010;44:
439–46.

31. Wargo KA, Eiland 3rd EH, Hamm W, English TM, Phillippe HM. Comparison of
the modification of diet in renal disease and Cockcroft-Gault equations for
antimicrobial dosage adjustments. Ann Pharmacother. 2006;40:1248–53.

32. Hermsen ED, Maiefski M, Florescu MC, Qiu F, Rupp ME. Comparison of the
Modification of Diet in Renal Disease and Cockcroft-Gault equations for dosing
antimicrobials. Pharmacotherapy. 2009;29:649–55.

33. Dowling TC, Wang ES, Ferrucci L, Sorkin JD. Glomerular filtration rate equations
overestimate creatinine clearance in older individuals enrolled in the Baltimore
Longitudinal Study on Aging: impact on renal drug dosing. Pharmacotherapy.
2013;33:912–21.

S. Manzano-Fernández et al. / Rev Esp Cardiol. 2015;68(6):497–504 503

http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0005
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0005
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0005
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0010
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0010
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0010
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0015
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0015
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0015
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0020
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0020
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0020
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0020
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0020
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0025
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0025
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0025
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0025
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0030
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0030
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0030
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0035
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0035
http://nkdep.nih.gov/resources/ckd-drug-dosing-508.pdf
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0045
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0045
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0045
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0045
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/000829/WC500041059.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/000829/WC500041059.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/000829/WC500041059.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/000944/WC500057108.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/000944/WC500057108.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/000944/WC500057108.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/002148/WC500107728.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/002148/WC500107728.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/002148/WC500107728.pdf
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0065
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0065
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0065
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0070
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0070
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0070
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0075
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0075
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0075
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0080
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0080
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0080
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0080
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0080
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0085
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0085
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0085
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0090
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0090
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0090
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0090
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0095
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0095
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0095
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0095
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0100
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0100
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0100
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0105
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0105
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0110
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0110
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0110
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0110
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0115
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0115
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0115
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0115
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0120
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0120
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0120
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0120
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0120
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0120
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0125
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0125
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0125
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0125
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0130
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0130
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0130
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0130
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0135
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0135
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0140
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0140
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0140
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0145
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0145
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0145
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0145
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0145
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0145
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0145
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0150
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0150
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0150
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0155
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0155
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0155
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0155
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0160
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0160
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0160
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0165
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0165
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0165
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0165


34. Hijazi Z, Hohnloser SH, Oldgren J, Andersson U, Connolly SJ, Eikelboom JW, et al.
Efficacy and safety of dabigatran compared with warfarin in relation to baseline
renal function in patients with atrial fibrillation: a RE-LY (Randomized Evalua-
tion of Long-term Anticoagulation Therapy) trial analysis. Circulation.
2014;129:961–70.

35. Eikelboom JW, Wallentin L, Connolly SJ, Ezekowitz M, Healey JS, Oldgren J, et al.
Risk of bleeding with 2 doses of dabigatran compared with warfarin in older
and younger patients with atrial fibrillation an analysis of the Randomized
Evaluation of Long-Term Anticoagulant Therapy (RE-LY) trial. Circulation.
2011;123:2363–72.

36. Legrand M, Mateo J, Aribaud A, Ginisty S, Eftekhari P, Huy PT, et al. The use of
dabigatran in elderly patients. Arch Intern Med. 2011;171:1285–6.

37. Freshour JE, Hudson JQ, Stevens AB, Franks AS. Epistaxis associated with
dabigatran in an elderly patient with reduced creatinine clearance. Am J Health
Syst Pharm. 2012;69:1184–6.

38. Wychowski MK, Kouides PA. Dabigatran-induced gastrointestinal bleeding in
an elderly patient with moderate renal impairment. Ann Pharmacother.
2012;46:10.

39. Hohnloser SH, Hijazi Z, Thomas L, Alexander JH, Amerena J, Hanna M, et al.
Efficacy of apixaban when compared with warfarin in relation to renal function

in patients with atrial fibrillation: insights from the ARISTOTLE trial. Eur Heart J.
2012;33:2821–30.

40. U.S. Department of Health and Human Services, Food and Drug Administration,
Center for Drug Evaluation and Research (CDER). Guidance for industry: phar-
macokinetics in patients with impaired renal function—study design, data anal-
ysis, and impact on dosing and labeling [cited 2014 Apr 5]. Available at: http://
www.fda.gov/downloads/drugs/guidancecomplianceregulatoryinformation/
guidances/ucm204959.pdf

41. Lalonde RL, Wagner JA. Drug development perspective on pharmacokinetic
studies of new drugs in patients with renal impairment. Clin Pharmacol Ther.
2009;86:557–61.

42. Spruill WJ, Wade WE, Cobb 3rd HH. Comparison of estimated glomerular
filtration rate with estimated creatinine clearance in the dosing of drugs
requiring adjustments in elderly patients with declining renal function. Am J
Geriatr Pharmacother. 2008;6:153–60.

43. Wolowich WR, Raymo L, Rodriguez JC. Problems with the use of the Modified
Diet in Renal Disease formula to estimate renal function. Pharmacotherapy.
2005;25:1283–4.

44. Dowling TC, Matzke GR, Murphy JE. Estimated GFR vs creatinine clearance for
drug dosing. Am J Kidney Dis. 2009;54:984–5.

S. Manzano-Fernández et al. / Rev Esp Cardiol. 2015;68(6):497–504504

http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0170
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0170
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0170
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0170
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0170
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0175
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0175
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0175
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0175
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0175
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0180
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0180
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0185
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0185
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0185
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0190
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0190
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0190
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0195
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0195
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0195
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0195
http://www.fda.gov/downloads/drugs/guidancecomplianceregulatoryinformation/guidances/ucm204959.pdf
http://www.fda.gov/downloads/drugs/guidancecomplianceregulatoryinformation/guidances/ucm204959.pdf
http://www.fda.gov/downloads/drugs/guidancecomplianceregulatoryinformation/guidances/ucm204959.pdf
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0205
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0205
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0205
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0210
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0210
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0210
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0210
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0210
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0215
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0215
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0215
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0220
http://refhub.elsevier.com/S1885-5857(14)00397-1/sbref0220

	Comparison of Estimated Glomerular Filtration Rate Equations for Dosing New Oral Anticoagulants in Patients With Atrial Fi...
	INTRODUCTION
	METHODS
	Study Population and Design
	Glomerular Filtration Rate Estimation
	Statistical Analysis

	RESULTS
	DISCUSSION
	Strengths and Limitations

	CONCLUSIONS
	FUNDING
	CONFLICTS OF INTEREST
	References


